 (Folia Morphol 2013; 72, 1: 72-77) 
INTRODUCTION
The linea aspera is the roughened, longitudinally oriented, irregular crest on the posterior surface of the femoral shaft. This structure is composed of two lips -the labium mediale and the labium laterale, which may be separated by up to 10 mm [15, 17] . A rough line divides it distally into medial and lateral supracondylar ridges. Proximally, the lateral lip becomes continuous as the gluteal tuberosity. In rare cases, the most superior part of the gluteal ridge may form a prominent excrescence named the third trochanter [2] . The proximal continuation of the medial lip diverges into two separate lines -the spiral line and the pectineal line. While the spiral line, which provides the origin for the vastus medialis muscle, runs medially towards the lesser trochanter, the pectineal line, marking the insertion of the pectineus muscle, is located lateral and superior to it [15] . Contrary to this morphological definition, the clinical definition is short, because the linea aspera consists of two axially oriented parallel lines superimposed on the middle third of the posterior surface of the shaft [5, 8, 10, 17] . However, according to our observations, the shape of the linea aspera is much more varied and so it is necessary to describe this structure more precisely. Such knowledge may be useful in clinical practice, especially in Radiology and Orthopaedy [3, 7, 8, 17] .
According to a search of current literature, no complete photographically documented description exists of linea aspera variations based on both quantitative and qualitative methods. The present study aims to establish the first quantitative classification of linea aspera morphology which is simple and based on specific geometrical parameters that clearly distinguish each type.
MATERIALS AND METHODS
A total of 90 human femurs were included in the study (47 left and 43 right). The bones were dated to the second half of the twentieth century (1950s) and originated from the Caucasian population. All investigations were performed in the Chair of Anatomy, the Medical University of Lodz. The osteometric measurements of the femur were carried out according to standard definitions, using procedures and degrees of precision as described elsewhere [14] .
The osteometric measurements of the femur were taken directly from the standard anthropometry handbook and used unchanged ( Fig. 1 ) [14] : 1 -greatest femur length; 2 -femoral shaft length; 3 -superior transverse diameter; 4 -femoral head circumference; 5 -femoral head height; 6 -anterior femoral head and neck length; 7 -cervico-corporal angle.
According to the anthropometric rules (Koszelev and Olivier classifications [14] ) to determine sexual dimorphism, using the measurements described above, all femurs were divided into three groups: female, male, and non-classified.
For the purpose of the present study, the linea aspera was defined as a prominent longitudinal ridge or crest, localised on the middle third of the posterior surface of the femur, and consisting of medial and lateral lips, and a narrow trough. The term 'ridge' refers to certain measurable features of the structure: the length and width.
Ten measurements precisely describing the linea aspera were taken, the definitions of which were evaluated for the purposes of this study ( Fig. 2) : -L1-L9 -nine widths of the linea aspera, defined as the maximum dimension of the measurements, were taken in the horizontal plane in nine different places along its length, between the medial and lateral lips of the linea aspera, which were numbered from L1 to L9. L1 refers to the width of the linea aspera on its proximal onset and L9 refers to its width on its distal ending. The other diameters were taken at equally spaced intervals between these two points. L5 is the width of the linea aspera half way along its length; -LA -length of the linea aspera, defined as the maximum value of the longitudinal measurements taken in the vertical plane from the proximal end to the distal end of the linea aspera (from L1 to L9). Detailed measurements of the linea aspera were taken by using two independent methods: the first being a classical anthropometric method using a micrometer digital calliper with an accuracy of 0.05 mm (Mitutoyo Company, Japan), and the second using digital photographic documentation, which was subsequently analysed using MultiScanBase v. 18.03 software (Computer Scanning System II, Warsaw, Poland). Photographic documentation was collected for every specimen. The photographs were saved in JPEG and TIFF format and later digitally transformed. All measurements of the femur and linea aspera were taken twice by two independent investigators, and the mean of the values was calculated to provide the greatest accuracy. The descriptive statistics used were mean, standard deviation, median, and minimum and maximum for continuous variables.
Data analysis was performed using Statistica 8 software (StatSoft Polska, Cracow, Poland). The distribution of continuous variables was investigated with the Shapiro-Wilk test in order to check whether the distribution was normal or not. The descriptive statistics used were mean and standard deviation for continuous variables. The differences between the measurements in all types of linea aspera were examined using the Mann-Whitney test. A p level of < 0.05 was accepted as statistically significant.
RESULTS
Four basic types of linea aspera were noted. In type I (27.2%) the medial and lateral lips of the linea aspera were parallel to each other (Fig. 3 ) and all widths of the linea aspera were found to be equal (L1=L2=L3=L4=L5=L6=L7=L8=L9). Type II (25.7%) had a concave shape (Fig. 4) : the widths at the proximal (L1) and distal (L9) ends of the linea aspera were the largest, and the width L5 was the lowest (L1>L2>L3>L4≥L5£L6<L7<L8<L9). In type III (5.7%) this shape was inverted -the width at the middle length of the linea aspera (L5) was the largest and the widths at the proximal end (L1) and distal end (L9) were the lowest (L1£L2<L3<L4£L5≥L6> >L7>L8≥L9). Macroscopically, the shape of the linea aspera was convex (Fig. 5) . Type IV (41.4%) had a variform shape (Fig. 6 ). All widths of the linea aspera were different (L1πL2πL3πL4πL5πL6πL7πL8πL9).
To incorporate anthropometric rules describing sexual dimorphism of the femur [14] , 39 female, 40 male, and 11 non-classified bones were distinguished. With regard to sex differences, the most common type of linea aspera was the type IVvariform (41% in men and 39% in women) in both groups. In men, the second and third most common types were the type II -concave (31%) and type I -parallel (22%). However, in women this order was reversed -type I (parallel) was second (32%) and type II (concave) was third (23%). Type III (convex) was the least common in both groups (6% of male and 6% of female). The anthropometric measurements of the femurs collected in the study in female and male are presented in Table 1 .
The mean length of the concave-shaped linea aspera (195.3 ± 35.9 mm) was higher than that of those with variform (189.9 ± 40.1 mm), convex (184.8 ± ± 55.3 mm), and parallel (181.4 ± 34.2 mm) shapes (Table 2 ). However, this difference was statistically insignificant according the Mann-Whitney test (p < 0.05).
DISCUSSION
The linea aspera is one of several "qualitative features" describing the human body [12, 13] . Other features, which have been much better described, include the third trochanter [2, 11] or suprascapular notch [20, 22] .
One of the most probable explanations of the function of the linea aspera is that both of the lips of the rough line serve for the insertion of strong adductor and extensor muscles such as the musculus adductor longus, musculus adductor brevis, musculus adductor magnus, musculus vastus medialis, and musculus vastus lateralis. Hence, its development would be the consequence of a relative strengthening of those muscles in humans in comparison to other primates [11, 12] . Additionally, the linea aspera may work as a resistance pole that can stiffen the femur within its forward prominence. It is frequently elevated by an underlying bony ridge, resulting in a prismatic, cross-sectional configuration [13] . Also, Pauwels [16] states that the main functions of the linea aspera are stabilisation and support for the femur, especially while walking and running. The linea aspera may be a feature that helped our species to extend its sphere of influence. The prominent development of the linea aspera is a distinctly human feature not seen in lower primates [11, 12] . Thanks to the above-described functions, the linea aspera would appear to be a form of adaptation to a bipedal gait pattern [13] , as confirmed by Beauval et al. [1] . A further study addressed the morphology of the linea aspera on Neanderthal femurs, in which both lips of the linea aspera were seen to form a soft crest. Pleistocene modern human femurs also tend to have teardrop shaped cross-sections, prominent pilasters, and flat or especially concave surfaces adjacent to the linea aspera [23] . The pilaster also provides the additional biomechemical support for the posterior femur. In rachitis, insufficient calcification may lead to osteomalacia, in which, as a result of loading, the femoral forward prominence can increase significantly, the bone can be flattened to one side, and the linea aspera can change into a narrow ridge known as the stenometry [11] .
The topography of the linea aspera is an important factor in some surgical techniques, such as in the posterior approach of the femur [3] or in the modified transfemoral approach [7] . It is a crucial area for fat embolism protection during cemented total hip arthroplasty. In this example, drainage of the venous system located along the linea aspera significantly reduces the risk of intraoperative embolism and cardiopulmonary impairment [18, 19] . Similarly, Draenert [6] report that an increase in the intramedullary pressure can lead to embolisation of bone marrow contents via the venous drainage system along the linea aspera.
An important piece of topographic information for Orthopaedics and surgery is that the principal nutrient foramina of the femur are located in the linea aspera with possible variations in number and position [9] . Colipal et al. [4] discovered that the nutrient foramina of the femur was located in the linea aspera in 72.5% of specimens: 36.25% in the interstice, 8.75% in the lateral lip, and 27.5% in the medial lip of the linea aspera. Also Yamamoto et al. [24] note that either one or two nutrient vessels of a large calibre originating from the perforating branches of the profunda femoris artery enter at a number of points along the linea aspera of the femur. Such awareness of the terminal courses of arteries may be useful in performing operations, by minimizing the risk of bleeding.
The prominent development of the linea aspera is visible on frontal and anteroposterior radiographs of the femur mainly in adults and, in some cases, adolescents as two thin, axially-oriented, parallel lines [17] . Pitt [17] named it the "track sign" and proposed that it represents the linea aspera-pilaster complex. Hoeffel et al. [10] assert that knowledge of the shape of the normal linea aspera is important and should not be confused with diseases such as symmetrical osteonecrosis. Also, Gheorghiu and Leinenkugel [8] noted that the "track sign" can be readily confused with the pathological "flame sign" of Paget's disease leading to unnecessary investigations. Pitt [17] concluded that normal morphological variants should be well known, especially to orthopaedic surgeons and radiologists. This is confirmed by Seeger et al. [21] who described a tumoral calcinosis-like growth located along the proximal part of the linea aspera, probably formed by the lesion of this part of the bone, which may be mistaken for some variations of the linea aspera. Therefore, knowledge of morphological variations is essential to form an appropriate clinical diagnosis. Thanks to two techniques used for measuring and typing the linea aspera our investigation has very precisely classified variations of this structure. It has also, for the first time, explicitly demonstrated types of linea aspera in females and males. To our knowledge, no similar study exists in the literature.
CONCLUSIONS
The present study aims to establish the first quantitative classification of the linea aspera, which is simple to apply, being based on specific geometrical parameters and its morphology. The two methods used for measuring were complementary and could be used to better analyse the fine details. The classification we present may be helpful in orthopaedic open procedures of the posterior femoral region, as well as in diagnostic radiological procedures to distinguish pathology from anatomical variations.
